Introduction There is paucity of data on the epidemiology of visual impairment in Sri Lanka.
Introduction
The World Health Organization (WHO) estimated 285 million visually impaired persons globally including 39 million blind and 246 million with low vision 1 . A subsequent systematic review estimated the number of blind in 2010 to be 32.4 million, and a further 191 million as moderately or severely visually impaired (MSVI/low vision) 2 . This showed that there was a 20% decrease in blindness prevalence over the period 1990-2010. The study provided estimates for 21 sub-regions worldwide but Sri Lanka did not contribute to the estimates. The only evidence available from Sri Lanka is from the Central province where among adults aged 40 years, the prevalence of blindness, based on best-corrected visual acuity (BCVA), as 1.1% 3 .
Sri Lanka has a population of 21.27 million (2013) and is one of the fastest ageing countries in South Asia 4 . The rapid demographic transition coupled with systematic improvement of public and primary health care has resulted in significant changes in the pattern of disease from communicable to non-communicable diseases 5 .
improve amongst the aged, those less educated and those in provinces with higher blindness risk.
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The WHO Global Action Plan (2014-2019) for eye health urges member States to obtain population data on the prevalence and causes of visual impairment to plan services based on the need in the population 6 . In response to this call, the VISION 2020 National Program for the Prevention and Control of Avoidable Blindness in Sri Lanka initiated a population-based national survey to estimate the prevalence, magnitude and major causes of blindness and visual impairment in adults aged 40 years nationally and by province, rural/urban residence, socio-economic status and demographic variables. The survey was undertaken in collaboration with the London School of Hygiene & Tropical Medicine (LSHTM) and the Indian Institute of Public Health, Hyderabad, India. A Survey Steering Committee was convened to oversee all aspects of the survey.
Methods
A detailed description of the survey methodology is provided earlier in this issue and a summary is included here. The sample size was 6,800 persons aged 40 years in 68 clusters.
Distance presenting visual acuity (PVA) (i.e. with distance correction if usually worn) for each eye was measured by an optometrist using an 'Early Treatment for Diabetic Retinopathy Study' (EDTRS) logarithm of minimum angle of acuity (logMAR) tumbling E chart at four meters, and at one meter if required using a +0.75D sphere in a trial frame. If no optotypes could be seen by the eye at one meter, the eyes were assessed for the ability to count fingers, see hand movements or perceive light. All participants had autorefraction measurements taken by an optometrist (Topcon 8000). If the PVA was <6/12 in either eye, the autorefractor readings were used as the starting point to determine BCVA, after retinoscopy if required.
All participants were then examined by an ophthalmologist, who took an ocular history, and examined anterior and posterior segments through an un-dilated pupil at the slit lamp. If the PVA was 6/12 in both eyes and no abnormality was detected no further examination was required. Participants who could not see 6/12 in one or both eyes, or where basic eye examination revealed an abnormality, and all who had undergone cataract surgery were examined in detail by an ophthalmologist after dilating the pupils using a slit lamp and +90D fundus examination lens. Fundus images were taken of all these participants provided the media were clear enough. Participants unable to travel to the examination site were examined at home using a simplified protocol.
Determining the cause of visual loss
Causes of visual loss were assigned to all with a presenting VA of <6/12 in any eye, following the WHO algorithm designed for use in population based surveys [7] . All the disorders contributing to visual loss in each eye, and all relevant underlying causes were noted, and one main cause selected for each eye. If more than one cause was assigned to an eye, the following were preferentially selected, if applicable: primary causes (e.g., cataract secondary to uveitis, uveitis was selected), or the disorder contributing most to vision loss. If two conditions were judged to contribute equally to visual loss, the most readily treatable was selected. If none of the conditions were treatable, the most preventable was selected. Having established a main cause for each eye, a principal cause for the person was determined, by selecting the cause in the right or left eye, following a similar logic to that described above.
Quality assurance
All survey team members were trained for one week at the start of the survey by staff with expertise in large scale surveys from the LSHTM. Training was followed by a pilot study in two clusters. Inter-observer agreements studies were undertaken for VA measurement by the optometrists. Inter-observer agreement was assessed during training and the pilot. Senior ophthalmologists from the College of Ophthalmologists of Sri Lanka and Sightsavers India office monitored the data collection. All completed record sheets were checked for errors by the ophthalmologist in the field at the end of each day and by the Survey Coordinator in the office.
Data management and analysis
Data were entered by an experienced data officer into a customized database created in Microsoft Access, which had build-in range and consistency checks. Entries were cross-checked independently by a second data officer. Data cleaning and analysis were undertaken using STATA 13.0 (Stata Corp LP, Texas, USA) by a statistician at the Indian Institute of Public Health, Hyderabad, India.
Descriptive analysis and cross tabulations with calculation of Pearson's chi squared tests were performed. Prevalence estimates together with 95% confidence intervals were calculated. Further analysis was undertaken to explore risk factors for blindness using logistic regression with generalized equation to adjust for dependency in the data due to clustered sampling. All variables significant at 0.02 level in univariate analysis were included in the multivariate regression. All tests are two sided, and odd ratios (OR) and 95% confidence intervals (CI) are presented. To account for differential non-response, the blindness prevalence estimate was adjusted for age and gender. Multiple logistic regression analysis was performed to identify risk factors for blindness and to estimate adjusted Odds Ratios (OR).
Definitions used

Visual impairment
PVA in the better eye was used for all categories of visual impairment i.e. tested with distance correction if 
Socioeconomic status
Information was collected on the possession of movable assets including television, computer, radio, cycle, motor cycle, car, refrigerator and air conditioner. A scoring system was devised based on the monetary value of each asset. Scores assigned to each asset were then summed to derive a family asset score, which were categorized into quartiles with the lowest quartile being defined as the middle number between the smallest number and the median of the data set. Participants were categorized using the family score as highest socioeconomic (SES) status: 1st quartile; upper middle (2 nd quartile); lower middle (3 rd quartile) and lowest (4 th quartile).
Ethics
The study protocol was approved by the institutional ethics committees of LSHTM, UK, the Faculty of Medicine, University of Colombo, Sri Lanka and the Indian Institute of Public Health, Hyderabad, India. All participants provided written informed consent.
Results
A total of 5,779/6,713 (86.1%) adults were examined. Among the 934 not examined, 898 (94.1%) were not in the cluster, vision could not be tested in 14 (1.5%), 12 (1.3%) refused examination, 12 (1.3%) had an incomplete examination and 6 (0.6%) were very sick and could not be examined. Response rates were highest in females. Response rates by province, literacy and place of residence were similar (Table 1) .
Prevalence
Two thirds of participants (3,899; 67.5%) had PVA 6/12 in at least one eye and 13.6% (95% confidence interval (CI) 12.7-14.5%) were classified as having mild visual impairment (<6/12-6/18). Ninety-six people were blind, giving a prevalence estimate of 1.7% (95% CI 1.3-1.99%), which reduced to 1.6% (95% CI-1.3-2.0) after adjusting for age and sex ( Table 2 ). The prevalence of low vision was 17.1% (95% CI 16.0-18.0%). Twenty-one individuals who were blind according to their presenting VA were no longer blind with best correction (Table 3) .
Risk factors for blindness
On univariate analysis, the prevalence of blindness increased significantly with age, was higher in participants in households with lower asset scores, varied by Province from 0.3% (South Province) to 2.9% (Uva Province) and was significantly higher in the Tamil ethnic group (Table  4) . After adjusting for socio demographic factors, increasing age, Province and lower literacy had significantly higher risk of blindness.
Causes of blindness and visual impairment
Cataract was the most common cause of blindness (66.7%) followed by uncorrected refractive errors (12.5%) ( Table 5 ). Six participants (6.3%) were blind following cataract surgery, mostly from treatable causes such as posterior capsule opacity or inadequately corrected pseudophakia. Retinal conditions were responsible for 7.3% of causes, with age related macular degeneration (ARMD) being the cause in 2.1%. No participant was blind from diabetic retinopathy or corneal opacity and two (2.1%) were blind from glaucoma.
Uncorrected refractive was the commonest cause of mild (81.0%), moderate (64.0%) and severe visual impairment (46.7%) followed by lens opacities (7.9%; 22.9% and 36.7% respectively).
Using census data for 2014, we estimate that there are 1.42 million visually impaired or blind adults in Sri Lanka, 56% of whom are female. Among the visually impaired 126,250 are blind, 57% of whom are women.
Discussion
The prevalence of blindness in Sri Lanka is lower than in most other countries in South/ Southeast Asia [8] [9] [10] [11] [12] [13] , with cataract being responsible for two-thirds of blindness. This is higher than the global picture where 51% is due to cataract [1] . At least 80% of the causes are readily treatable with highly cost-effective interventions i.e. for cataract and uncorrected refractive errors. The data on the causes of blindness is like other countries in the region [2] . For example, the prevalence of blindness in Pakistan was 2.7% (2006) among adults aged 30 years [10] , while estimates from India range from 3.0% in those aged 40 (in 2000) to 19 .2% in those aged 50 (in 2003) [8, 9] . In Bangladesh (30 years), the prevalence was 1.53% [13] . The variation in prevalence between countries can reflect true differences in prevalence because of differences in exposure to risk factors, variation in the age and sex structure of the population, and variation in access to and quality of eye care services. Surveys including younger participants will have a lower prevalence as most blindness occurs in individuals aged 50 years [14] . Sampling technique, differences in definitions, methodological differences and bias can also all lead to variation in prevalence estimates. Globally, 60% of blindness occurs amongst females [15] , reflecting the higher incidence of some conditions such as cataract, trachoma and age related macular degeneration, as well as lower access to services in some settings [16, 17] . The finding in Sri Lanka that there were no significant gender differences suggests that there is equal access to services for males and females.
Uva Province had the highest prevalence of blindness followed by Eastern, North, North-West and Northern Province. It should be noted that Sri Lanka's Poverty Head Count Index (percentage) is also higher in these provinces [18] .
All previous studies in the South and Southeast Asia regions have shown cataract to be the commonest cause of blindness, being 42.0% in the Southeast Asia region and 41.7% in the South Asia region (GBD causes) [2] . Globally, cataract was responsible for 33% of blindness in 2010, causing a higher proportion of blindness in South and Southeast Asia than in other regions [17] . We also found that cataract was the commonest cause of blindness just as the earlier study from Sri Lanka that showed that cataract (79%) followed by ARMD were the commonest causes [3] .
Cataract related complications accounted for 6.3% of blindness in Sri Lanka but none were blind from uncorrected aphakia, unlike in other countries in the Table 5 . Causes of blindness, visual impairment and low vision region. This finding reflects the universal use of intraocular lenses (IOL) for cataract surgery since 1995. Another notable difference is that in Sri Lanka corneal blindness was not a problem, largely because trachoma does not exist due to the high levels of socioeconomic development and a subtropical climate. No participants were blind from diabetic retinopathy (DR), as reported from surveys in Bangladesh [13] , and India (Andhra Pradesh) [17] , but six were visually impaired from DR. The low proportion of blindness due to DR probably reflects several factors. Firstly, the epidemic of diabetes in Asia is recent, and duration of disease is a known risk factor for retinopathy. Second, poor control of blood glucose, hypertension and hyperlipidemia, known risk factors for the complications of diabetes including retinopathy [19] , also increase the risk of mortality, and lastly, cataract may have masked the presence of diabetic retinopathy.
Findings from this survey can be generalized to the entire country as the sample was representative of the population of Sri Lanka in terms of age, gender, rural/urban place of residence and literacy. As in all surveys of visual impairment, the main causes at the level of the individual are reported, which means that conditions which are potentially blinding but which were not the main cause are not reported. This applies to glaucoma and diabetic retinopathy, which were infrequently documented as the main cause of visual loss.
Original article
The survey provides valuable data for setting priorities and for national program planning, bearing in mind the anticipated increase in the size as well as the age of the population. To keep up with the anticipated increase in demand, services will need to expand, particularly for cataract [20] . There are currently 101 ophthalmologists in Sri Lanka (i.e. almost 5 per million population), 61 of whom work in the Government sector. However, eye care is not evenly distributed across the country with the Central and Western Provinces being the best served (4.1 and 3.8 ophthalmologists per million population respectively) and Sabaragamuwa, Uva and the East Province being least served (1.5, 1.5 and 1.9 ophthalmologists/ million respectively). Eye care is provided free in Government hospitals but until recently cataract patients had the option to buy their own IOL. IOLs are now provided by the Government. Eye care in Sri Lanka has also been supported by national and international non-government organizations for many years, and there is a strong primary health care system with staff trained in primary eye care. This developed infrastructure creates opportunities for further strengthening the services with a focus on those who are particularly difficult to reach.
Interventions to reduce the prevalence of visual impairment from avoidable causes, including increasing access through human resource development and expanding infrastructure, will need to focus on provinces with the highest prevalence of vision impairment i.e., Uva, Eastern, North Eastern and Northern, and the most marginalized within the population i.e., the aged and less well educated.
